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© A method for the synthesis of zeolites. 



© A method for making a zeolite comprises con- 
tinuously contacting a solution of a silicate with a 
precipitating reagent to effect continuous change of 
concentration of the silicate solution and to form an 
insoluble silica precipitate having a particle size of 1- 
500 micron. The silica precipitate is then introduced 
<Minto a reaction mixture, which is maintained under 
■^conditions effective to convert said silica into the 
f**, required zeolite and which contains up to 40% silica 
C73 solids loading and 0 to 10 weight percent seeds of 
^the required zeolite 
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A METHOD FOR THE SYNTHESIS OF ZEOLITES 



The invention is directed to a method for the 
synthesis of zeolites and, In particular, of the 
zeolite ZSM-5. 

Naturally occurring and synthetic zeolites have 
been demonstrated to exhibit catalytic properties 
for various types of hydrocarbon conversions. Cer- 
tain zeolites are ordered porous crystalline al- 
uminosilicates having definite crystalline structure 
as determined by X-ray diffraction studies. Such 
zeoiites have pores of uniform size which are 
uniquely determined by unit structure of the cry- 
stal. The zeolites are referred to as "molecular 
sieves" because the uniform pore size of a zeolite 
material may allow it to selectively absorb mol- 
ecules of certain dimensions and shapes. 

Conventionally, the structure of aluminosilicate 
zeoiites is considered as being based on an in- 
finitely extending three-dimensional network of AIO« 
and SiO, tetrahedra linked to each other by sharing 
of the oxygen atoms. Furthermore, aluminosilicate 
zeolites may generally be represented by the em- 
pirical formula 

M 3/n 0.AlA.xSi0 5 .yH 2 0. 

Wherein M is sodium, potassium, magnesium, cal- 
cium, strontium and/or barium; x is equal to or 
greater than 2, (since AIO* tetrahedra are joined 
only to SiO« tetrahedra), n is the valence of the 
cation designated M; and the ratio of the total of 
silicon and aluminum atoms to oxygen atoms is 
1:2. 

The prior art describes a variety of synthetic 
zeolites, theses zeolites have come to be des- 
ignated by letter or other convenient symbols, as 
illustrated by zeolite Z (United States Patent No. 

2.882.243) ; zeolite X (United States Patent No. 

2.882.244) ; zeolite Y (United States Patent No. 
3,130,007); zeolite ZK-5 (United States Patent No. 
3,247,195); zeolite ZK-4 (United States Patent No, 
3,314,752); zeolite ZSM-11 (United States Patent 
No. 3,709,979) and zeolite ZSM-23 (United States 
Patent No. 3,076,842). 

Crystalline ZSM-5 and one method of its prep- 
aration are described in U.S. Patent 3,702,886, 
which also describes the distinctive X-ray diffrac- 
tion pattern of ZSM-5 which distinguishes it from 
other known crystalline zeolites. A crystalline sili- 
cate composition having the structure of ZSM-5 is 
described in U.S. Patent Re. 29,948, while U.S. 
Patent 4,139,600 teaches a method for synthesis of 
zeolite ZSM-5 from a reaction mixture comprising, 
an alkyldiamine as a directing agent. 



U.S. Patent 4,296,083 claims . synthesizing 
zeolites characterized by a constraint index of 1 to 
12 and an alumina/silica mole ratio of not greater 
than 0.083 from a specified reaction mixture con- 

5 taining an organic nitrogen-containing cation pro- 
vided by an amine selected from the group con- 
sisting of triethylamine, trimethylamine, 
tripropylamine, ethylenediamine, propanediamine, 
butanediamine, pentanediamine, hexanediamine, 

w methylamine, ethylamine, propylamine, butylamine, 
dimethylamine, diethylamine, dipropylamine, ben- 
zylamine, aniline, pyridine, piperidine and pyr- 
rolidine. 

U.S. Patent 4,151,189 relates to a method for 
75 synthesizing zeolites ZSM-5, ZSM-12, ZSM-35 and 
ZSM-38 containing an organic nitrogen cation from 
a specified reaction mixture containing a primary 
amine having 2 to 9 carbon atoms as a directing 
agent. 

20 U.S. Patent 4,341,748 relates to the synthesis 
of ZSM-5 structure from reaction mixtures compris- 
ing ethanol; ZSM-5 seeds; ethanol and seeds; 
ethanol and ammonium hydroxide; and ethanol, 
ammonimum hydroxide and seeds. 

25 U.S. Patent 4,100,262 teaches synthesis of 
ZSM-5 from a reaction mixture comprising a 
tetraalkylammonium source and a tetraureacobalt - 
(II) complex. 

The silicon/aluminum atomic ratio of a given 

30 zeolite is often variable. For example, zeolite X can 
be synthesized with silicon/aluminum atomic ratios 
of from 1 to 1.5, while that ratio in zeolite Y is from 
1.5 to 3. In some zeolites, the upper "limit of the 
silicon/aluminum atomic ratio is unbounded. ZSM-5 

35 is one such example wherein the silicon/aluminum 
atomic ratio is at least 2.5 substantially up to Infin- 
ity. United States Patent No. 3,941 ,871 , .reissued as 
RE. 29,948, discloses a porous crystalline silicate 
made from a reaction mixture containing no deiib- 

40 erately added aluminum and exhibiting the X-ray 
diffraction pattern characteristic of ZSM-5. 

The invention is directed to a method of mak- 
ing zeolite which allows for increased amounts of 
zeolite production and for flexibility in the exact 

45 composition of the zeolite product. 

Accordingly, the invention resides in a method 
for making zeolite comprising: 

a) providing a solution of a silicate; 

50 

b) providing a precipitating reagent which is 
effective to precipitate said silicate as silica 
from said solution; 
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c) continuously contacting said solution 
which said precipitating reagent to effect 
continuous change of concentration of said 
silicate and to form an insoluble silica 
precipitate having a particle size which ex- s 
ceeds the particle size of silica which would 
form a silica gel in said solution; and 

d) introducing said silica precipitate into a 
reaction mixture, which is maintained under 70 
conditions effective to convert said silica into 

the required and which contains up to 40% 
silica solids loading and 0 to 10 weight per- 
cent seeds of the required zeolite. 
Thus an essential component of the ZSM-5 75 
crystallization reaction mixture used in the present 
method is a silica precipitate having a particle size 
which exceeds the particle size at which silica gel 
formation occurs. Preferably, the silica precursor 
precipitation is undertaken in a liquid reaction mix- 20 
ture to which no aluminum or alumina source has 
been added since this allows flexibility "in varying 
the Si:AI atomic ratio of the final zeolite. 

The method of the invention comprises forma- 
tion of a precipitated silica precursor under con- 25 
ditions to insure certain minimal particle size of the 
precursor and subsequent reaction of the precur- 
sor, In crystallization reaction mixtures of controlled 
composition, to form the required zeolite. The 
method has the advantage that increased through so 
output and yield is realized. Moreover, control of 
reaction conditions can determine the crystal size 
of the zeolite which is produced. 

The silica precipitate is formed from a solution 
of a silica source. Conveniently, the solution is an 35 
aqueous solution of a pH ranging from 9 to 12. The 
source of silica can be any soluble silicate and is 
preferably sodium silicate. 

The silica precursor is formed by continuous 
precipitation from the solution phase. Accordingly, aq 
precipitation comprises initiating precipitation and 
maintaining said precipitation so that the precipita- 
tion step is continuous and effects a continuous 
change of the concentration in the silicate solution. 

Alteration of the composition of the solution of 45 
the silica source is undertaken by introducing a 
precipitating reagent. In one embodiment, the pre- 
cipitating reagent is a source of acid, such as a 
solution of a mineral acid, e.g. H 2 SO,, HCI, and 
HNO3. The acid solution conveniently has a pH 50 
ranging from essentially 0 to 6. 

Preferably the silica is precipitated alone in the 
absence of sources of other zeolitic framework 
elements. This embodiment is preferred for the 
reason that it allows greater flexibility in varying the 55 
ratios of zeolite elemental components in the 



zeolite product produced when the silica is sub- 
jected to zeolite crystallization. In this embodiment, 
both the precipitating reagent and the solution of 
silica source are free of Intentionally added alumina 
or alumina source. That is, no aluminum Is delib- 
erately added to the silica precipitation reaction 
mixture. However, aluminum is ubiquitous and so 
may be present in minor amounts due to impurities 
in the precursors of the reactants or impurities 
extracted from the reaction vessel. Alternatively 
silica precipitation can be in the presence of solu- 
ble sources of other zeolite framework elements 
including deliberately added aluminum, gallium, bo- 
ron, iron and chromium. The soluble source of 
these other zeolitic framework components can be 
eg., nitrates. The coprecipitation product would be, 
e.g., an amorphous gallo-silicate, boro-silicate, or 
ferrosilicate. Preferably the amount of alumina in 
the silica precursor precipitate is less than about 
0.5 and more preferably lower than 0.2 weight 
percent. 

Continuous precipitation of the amorphous sili- 
ca precursor Is effected by introducing the solution 
of silica source and the precipitating reagent to a 
reaction zone while maintaining the molar ratio of 
silica source to precipitating reagent substantially 
constant. In one embodiment, the precipitating 
reagent and the silica -source are introduced si- 
multaneously into the reaction zone. 

The- continuous precipitation of silica precursor 
produces two results. Firstly, silica gel formation is 
substantially eliminated and secondly the particle 
size of the precipitated silica precursor exceeds the 
silica particle size at which silica gel formation is 
possible. The precipitated silica precursor com- 
prises agglomerated Solids in the shape of micro- 
spheres. Suspensions of these particles exhibit low 
viscosities at high solids loadings in subsequent 
processing, for example, even at solids loading 
equal to or greater than 30% and even at 35% 
solids. This is ih marked contrast to 1 non-controlled 
neutralization which results in a solid, non-stirrable 
mass. The particle size of the silica precipitate 
ranges between 1-500U. but the average size is 50- 
70u. 

Other conditions affecting precipitation include 
time, pH and temperature. The temperature of the 
precipitation mixture preferably ranges from 27 to 
150°C (80 to 300°F). The time of contact of the 
solution of silica source and the precipitating 
reagent can range from several minutes to several 
hours with the pH preferably being maintained from 
6 to 11. Generally, the silica precursor Is processed 
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by isolating it, eg., by filtration, and removing solu- 
ble contaminants therefrom, by washing and/or ion 
exchange. This stage can be considered a soiids 
consolidation step. 

The silica precursor is then crystallized to pro- 
duce a crystalline silicate zeolite. 

Crystallization is conducted by initially prepar- 
ing a reaction mixture containing water, the silica 
precursor, a source of OH - ion and, if desired, a 
source of alumina and/or an oxide of gallium, bo- 
ron, iron, chromium or mixtures thereof. Where a 
source of alumina is added, the source can be any 
aluminum salt, for example, aluminum sulfate. The 
amount of the source of alumina etc., will depend 
on the desired ultimate aluminum content of the 
zeolite and on the zeolite production method. The 
silica precursor and alumina source can be ad- 
mixed together in any order without adverse af- 
fects. 

Si0 2 /Al 2 0 3 

H 7 0/S10 2 

0H~/Si0 2 

M 2/n° /3i0 2 



The crystallization process will now be de- 
scribed in detail with reference to the formation of 
the zeolite ZSM-5. It will, however, be apparent to 
anyone of ordinary skill in the art to modify the 
5 procedure so as to produce any other known 
zeolite. 

Preferably there is no organic, sometimes re- 
ferred as a "directing agent", present in the reac- 
tion mixture during crystallization. The absence of 

10 organic appears to dictate that the maximum Si0 2 : 
Al 2 0 3 molar ratio of the resultant 2SM-5 product is 
about 100. The advantages of effecting the cry- 
stallization in the absence of organic are reduction 
in cost, reduction in environmental concerns due to 

75 the volatility of the organic and obviation of the 
subsequent processing steps necessary to remove 
the organic- Where there is no organic present the 
reaction mixture preferably has the following molar 
composition: 

20 

28.5 to 100 
1 to 200 
0.02 to 0.4 and 
0.02 to 0.5 



where M is an alkali or alkaline earth metal of 
valence n. 

Alternatively, the reaction mixture can contain 
an organic directing agent preferably having the 
formula R, R 2 R 3 J,- or R, R 2 R 3 RJ + wherein J is an 
element of Group VB, preferably nitrogen, each of 
R„ R 3 and H, is hydrogen or an alkyl or aryl group 
having 1-7 carbon atoms, and Rj is an alkyl group 
or aryl group having 1-7 carbon atoms, with each 



30 alkyl group preferably" being propyl. The presence 
of the organic enables the ZSM-5 to be produced 
with a Si0 2 ^J,O a ratio of greater than 30 substan- 
tially up to infinity and allows the production of 
smaller crystal materials than are obtainable with- 

35 out the organic- Preferably, the reaction mixture 
with the organic has the following molar composi- 
tion: 



S10 2 /A1 2 0 3 

H 2 0/SI0 2 

0H~/Si0 2 

0rgan±c/SiQ 2 

M 2/n 0/Si0 2 

where M is an alkali or alkaline earth metal of 
valence n. Most preferably, the organic is n-pro- 
pyiamine. 



■ greater than 20 
0.5 to 200 
0 to 0.4 
0.1 to 0.4 

0 to 0.5 

50 

The reaction mixture can be prepared either 
batchwise or continuously. Crystal size and cry- 
stallization time of the crystalline material, will vary 
55 with the nature of the reaction mixture employed 
and the crystallization conditions. In all cases, syn- 
thesis of the desired crystals may be facilitated by 
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the presence of at least 0.001 percent, preferably 
at least 0.10 percent and still more preferably at 
least 1.0 percent, seed crystals (based on solids 
weight) preferably of a previously prepared cry- 
stalline ZSM-5 product. The source of seeds may 
be a slurry from the mother liquor of a previous 
crystallization, processed or unprocessed, recycled 
to the crystallizer vessel. 

Using the silica precipitate produced as de- 
scribed above, it is found that crystallization can be 
conducted at silica solids loading up to 40% by 
weight For economic reasons, the overall solids 
content of the crystallization mixture is preferably 
at least 20% by weight. 

Crystallization of the ZSM-5 can be carried out 
under either static or stirred conditions in poly- 
propylene jars or in stainless steel autoclaves at 
50-250 °C for 2-3 hours to 150 days, preferably 5- 



100 hours. Where the reaction mixture contains an 
organic directing agent, crystallization is preferably 
conducted at 85-200 °C, whereas when an organic 
directing agent is absent the preferred temperature 
Is 1 40-200 °C. Thereafter, the crystals are sepa- 
rated from the liquid and recovered. 

The resultant zeolite ZSM-5 can be identified, 
in terms of mole ratios of oxides and in the anhy- 
drous state, as follows: (0.002 to 10)CUO:(0.001 to 
5)AljO 3 :(100)SiO 2 wherein Q is at least one cation 
having a valence n, Including cation M and any 
organic material used as a directing agent. 

The X-ray diffraction pattern of the crystalline 
ZSM-5 product of the present Invention has the 
characteristic lines shown in Table 1 . 



Interplanar d-Spacing 
(A) 

11.1 + 0.3 
10.0 + 0.3 

7.4+0.2 

7.1 + 0.2 

6.3 + 0.2 
6.04+ 0.2 
5.56 +0.1 
5.01 +0.1 
4.60 +0.08 
4.25 +0.08 
3.85 +0.07 
3.71 +O.05 

3.04 +0.03 
2.99 +0.02 
2.94 +0.02. 



Relative Intensity ■ 



These values were determined by standard 
technique, The radiation was the K-alpha doublet of 
copper, and a diffraction equipped with a scintilla- 
tion counter and a strip chart pen recorder was 
used. The peak heights, I, and the positions as a 
function of two times theta, where theta is the 
Bragg angle, were read from the spectrometer 
chart. From these, the relative intensities, 100 l/l D 
where l 0 is the intensity of the strongest line or 
peak, and d (obs.), the interplanar spacing in Ang- 
strom units (A) corresponding to the recorded lines 
were calculated. 



Ion exchange of the crystalline ZSM-5 product 
may subsequently be conducted to effect ammo- 
_ nium exchange at the acidic sites of the material. 
The source of the ammonium ion is not critical. 
Thus the source can be ammonium hydroxide or 
so an ammonium salt such as ammonium nitrate, am- 
monium sulfate, ammonium chloride and mixtures 
thereof, preferably as an aqueous solution. The pH 
of the ion exchange medium is also not critical but 
is generally maintained at 7 to 12. Ammonium 
s5 exchange may be conducted for a period of time 
ranging from 0.5 to 20 hours at a temperature 
ranging from ambient up to 100°C. The ion ex- 
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change may be conducted in multiple stages. Cal- 
cination of the ammonium exchanged will produce 
the zeolite in Its acid form. Calcination can be 
effected at temperatures up to about 600 "C. 

Synthetic zeolite ZSM-5 prepared in accor- 
dance herewith can be used in the alkali metal 
form, hydrogen form or another univalent or mul- 
tivalent cationic form. It can also be used in in- 
timate combination with a hydrogenating compo- 
nent such as tungsten, vanadium, molybdenum, 
rhenium, nickel, cobalt, chromium, manganese, or 
a noble metal such as platinum or palladium where 
a hydrogenation-dehydrogenation function is to be 
performed. Such components can be exchanged 
into the composition, impregnated therein or phys- 
ically intimately admixed therewith. Such compo- 
nents can be impregnated in or on to zeolite ZSM- 
5 such as, for example, by, in the case of platinum, 
treating the zeolite with a platinum metal-containing 
ion. Suitable platinum compounds for this purpose 
include chloroplatinic acid, platinous chloride and 
various compounds containing the platinum amine 
complex. Combinations of metals and methods for 
their introduction can also be used. 

Synthetic zeolite ZSM-5, when employed either 
as an adsorbent or as a catalyst in a hydrocarbon 
conversion process, should be dehydrated at least 
partially. This can be done by heating to a tem- 
perature in the range of from 200°C to 600°C in an 
inert atmosphere, such as air, nitrogen, etc. and at 
atmospheric or subatmospheric pressures for be- 
tween about 1 and 48 hours. Dehydration can also 
be performed at lower temperature merely by plac- 
ing the zeolite in a vacuum, but a longer time is 
required to obtain a particular degree of dehydra- 
tion. 

As above mentioned, synthetic zeolite ZSM-5 
prepared in accordance herewith can have the 
original cations associated therewith replaced by a 
wide variety of other cations according to tech- 
niques well known in the art. Typical further replac- 
ing cations include metal cations and mixtures 
thereof. Of the replacing metallic cations, particular 
preference is given to cations of metais such as 
rare earths, Mn, Ca, Mg, Zn, Cd, Pd, Ni. Cu, Ti, A1, 
Sn, Fe and Co. 

A typical ion exchange technique would be to 
contact the synthetic zeolite with an aqueous solu- 
tion of a salt of the desired replacing cation or 
cations. Although a wide variety of sate can be 
employed, particular preference is given to 
chlorides, nitrates and sulfates. Representative ion 
exchange techniques are disclosed in a wide vari- 
ety of patents including U.S. Patents 3,140,249; 
3,140,251; and 3,140,253. 



Following contact with the metal salt solution of 
the desired replacing cation, the zeolite is then 
preferably washed with water and dried at a tem- 
perature ranging from 65 °C to 31 5° C and there- 

5 after may be calcined in air or an inert gas at 
temperatures ranging from 200°C to 550°C for 
periods of time ranging from 1 to 48 hours or more 
to produce a catalytically-active thermal decompo- 
sition product thereof. 

10 As in the case of many catalysts, it may be 
. desirable to incorporate the zeolite ZSM-5 hereby 
prepared with another material resistant to the tem- 
peratures and other conditions employed in certain 
organic conversion processes. Such matrix materi- 

75 als Include active and inactive materials and syn- 
thetic or naturally occurring zeolites as well as 
inorganic materials such as clays, silica and/or 
metal oxides, e.g. alumina. The latter may be either 
naturally occurring or in the form of gelatinous 

20 precipitates, sols or gels including mixtures of silica 
and metal oxides. Use of a material in conjunction 
with the zeolite ZSM-5, i.e. combined therewith, 
which is active, may enhance the conversion and/or 
selectivity of the catalyst in certain organic conver- 

25 sion processes. Inactive materials suitably serve as 
diluents to control the amount of conversion in a 
given process so that products can be obtained 
economically and orderly without employing other 
means for controlling the rate or reaction. Fre- 

30 quently, crystalline silicate materials have been in- 
corporated into naturally occurring clays, e.g. ben- 
tonite and kaolin. These materials, i.e. clays, ox- 
ides, etc., function, in part, as binders for the 
catalyst, it is desirable to provide a catalyst having 

35 good physical strength, because in petroleum,, refin- 
ery processing, the catalyst is often subjected to 
conditions, which tend to break the catalyst- down 
into powder-like materials which cause problems in 
processing. • i 

40 Naturally occurring clays which can be A com- 
posited with the hereby synthesized zeolite ZSM-5 
include the montmorillonite .and kaolin families 
which include the sub bentonltes, and the kaolins 
commonly known as Dixie, McNamee, Georgia and 

45 Florida clays, or others in which the main mineral 
constituent is halloysite, kaolinite, dickite, nacrite or 
anauxite. Such clays can be used in the raw state 
as originally mined or initially subjected to calcina- 
tion, acid treatment or chemical modification. 

so In addition to the foregoing materials, the 
zeolite ZSM-5 catalyst hereby synthesized can be 
composited with a porous matrix material such as 
silica-alumina, silica-magnesia, silica-zirconia, 
silica-thoria, silica-beryliia, silica-titania, as well as 
55 ternary compositions such as silica-alumina-thoria, 
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silica-alumina-zirconla, silica-aiumina-magnesia and 
silica-magnesia-zirconia. The matrix can be in the 
form of a cogel. A mixture of these components 
could also be used. 

The relative proportions of finely divided cry- 
stalline silicate and inorganic oxide gel matrix vary 
widely with the crystalline silicate content ranging 
from 0.1 to 90 percent by weight, and more usually 
in the range of 10 to 70 percent by weight of the 
composite. 

In general, organic compounds such as, for 
example, hydrocarbons, alcohols and ethers, may 
be converted to conversion products such as, for 
example, aromatics and lower molecular weight 
hydrocarbons, over the catalytically active form of 
the composition of this invention by contact under 
organic compound conversion conditions including 
■ a temperature of 100°C to 800°C a pressure of 10 
to 20265 kPa (0.1 to 200 atmospheres), a weight 
hourly space velocity of 0.08 to 2000 hr 1 and a 
hydrogen/feedstock organic compound mole ratio 
of 0 (no added hydrogen) to 100. 

Such conversion processes include cracking 
hydrocarbons to lower molecular weight hydrocar- 
bons with reaction conditions including a tempera- 
ture of from 300 °C to 800 °C, a pressure of 10 to 
3550 kPa (0.1 to 35 atmospheres) and a weight ' 
hourly space velocity of 0,1 to 100; d'ehydrogenat- 
ing hydrocarbon "compounds with reaction condi- 
tions including a temperature of 300° to 700°C, a 
pressure of 10 to 1020 kPa (0.1 to 10 at- 
mospheres) and a weight hourly space velocity of 
0.1 to 50; converting paraffins to aromatics with 
reaction conditions including a temperature of 100° 
to 700°C, a pressure of 10 to 6080 kPa (0.1 to 60 
atmospheres), a weight hourly space velocity of 0.5 
to 400 and a hydrogen/hydrocarbon mole ratio of 0 
to 20; converting olefins to aromatics, e.g. benzene, 
toluene and xylenes, with reaction conditions in- 
cluding a temperature of 100° to 700°C > a pres- 
sure of 10 to 6080 kPa (0.1 to 60 atmospheres), a 
weight hourly space velocity of 0.5 to 400 and a 
hydrogen/hydrocarbon moie ratio of from about 0 
to about 20; converting alcohols, e.g. methanol, or 
ethers, e.g. dirnethylether, or mixtures thereof to 
hydrocarbons including aromatics with reaction 
conditions including a temperature of 275 to 
600 °C, a pressure of 50 to 5070 kPa (0.5 to 50 
atmospheres) and a liquid hourly space velocity of 
0.5 to 100; isomerizing xylene feedstock compo- 
nents to product enriched in p-xylene with reaction 
conditions including a temperature of 230 to 
510°C, a pressure of 100 to 3550 kPa (1 to 35 
atmospheres), a weight hourly space velocity of 0.1 
to 200 and a hydrogen/hydrocarbon mole ratio of 0 
to 100; disproportionating toluene to product com- 



prising benzene and xylenes with reaction con- 
ditions including a temperature of 200 to 760 °C, a 
pressure of from about atmospheric to about 60 
atmospheres and a weight hourly space velocity of 
5 from about 0.08 to about 50; alkylating aromatic 
hydrocarbons, e.g. benzene and alkylbenzenes, in 
the presence of an alkylating agent, e.g. olefins, 
formaldehyde, alkyl halides and alcohols, with reac- 
tion conditions including a temperature of from 
70 about 340 to about 500°C, a pressure of from 
atmospheric to about 200 atmospheres, a weight 
hourly space velocity of from about 2 to about 
2000 and an aromatic hydrocarbon/alkylating agent 
mole ratio of from about 1/1 to about 20/1; and 
76 transalkylating aromatic hydrocarbons In the pres- 
ence of polyalkylaromatic hydrocarbons with reac- 
tion conditions including a temperature of from 
about 340 to about 500 °C, a pressure of 100 to 
20265 kPa (to 200 atmospheres), a weight hourly 
20 space velocity of 10 to 1000 and an aromatic 
hydrocarbon/polyalkylaromatic hydrocarbon mole 
ratio of 1/1 to 16/1. 

The invention will now be rhore particularly 
described with reference to the accompanying 
25 drawing which is a flow sheet illustrating a method 
for producing 2SM-5 in accordance with one em- 
bodiment of the Invention. 

Referring to the drawing, in the embodiment 
shown a first solution of dilute sulfuric acid or a 
30 mixture of dilute sulfuric acid and dilute of sulfuric 
acid or of a mixture of dilute sulfuric acid and dilute 
aluminum sulfate, i.e. acid aluminum solution, Is 
passed via line 1 to a continuous reactor 3. A 
second aqueous solution of sodium silicate is also 
35 fed to the reactor 3 via line 2 so as to react with 
the first solution and produce a slurry of silicate or 
aluminosilicate gel particles. The ; contents of reac- 
tor 3 are preferably stirred to' form a visible vortex. 
In addition, flow rates are preferably controlled to 
40 yield an apparent residence 'time in reactor 3 in 
excess of 3 minutes and typically about 30 min- 
utes. Solution strengths are such that the solids 
content of the resulting slurry ranges from 10 wt. % 
to 20 wt. %, preferably about 15 wt. %. 
45 The reaction product from reactor 3 is passed 
via line 4 to a first filtering means 5, e.g. a belt 
filter, where it is washed with water from line 6. The 
washed material from the first filtering means 5 is 
then passed via line 7 to charge tank 8, which also 
so receives water from line 9, sodium hydroxide solu- 
tion, if desired, of about 50 wt. % concentration 
from line 10, and, if desired, an aqueous slurry 
containing from 0.01 to 50 wt. %, preferably 20 wt. 
% to 40 wt. %, seed crystals of ZSM-5, from line 
55 11. If aluminum sulfate was not Included in the line 
1 feed to continuous reactor 3, then It may be 
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added, if desired, to the charge tank 8 via line 12 
as an aqueous solution of, for example, about 47 
wt. % concentration. The contents of charge tank 8 
are preferably stirred to maintain suspension of 
solids. 

The resulting mixture from charge tank 8 is 
charged continuously or batch-wise via line 13 to a 
crystallizer 14, which also receives a charge of n- 
propylaminme via line 15 from a charge vessel 16. 
Crystallizer 14 is maintained under conditions suffi- 
cient for ZSM-5 to form, including a temperature of 
80 to 250 °C and a residence time of 3 to 100 
hours. Stirring is effected during crystallization to 
provide adequate heat transfer and maintain the 
solids in suspension. 

At completion of crystallization , an overhead 
comprising the n-propylamine and water is taken 
from the crystallizer 14 via line 17 to a condenser 
18, and via line 1S from the condenser 18 to a 
separator 20, e.g., a distillation system. Product 
organic from the separator 20 may be passed via 
line 21a to charge vessel 16, whereas residue from 
the separator 20, comprising mostly water, is re- 
moved via line 21b. Fresh make-up organic is 
passed to charge vessel 16 via line 22 to insure 
insufficient quantity for crystallizer 14 demand. A 
slurry containing product ZSM-5 crystals is also 
removed from crystallizer 14 via line 23 and 
passed into a surge tank 24 with sufficient stirring 
to maintain suspension. -For purposes of seeding 
further batches, a first part of the surge tank 24 
slurry, e.g., up to about 10% wt. %, may be 
passed via line 25 to a slurry device 26 comprising 



■ a particle size reduction means, such as, for exam- 
ple, a ball mill, to maximize the surface area of the 
particles. Having undergone contact with the par- 
ticle size reduction means of the device 26 the 
5 slurry is passed via line 11 to the charge tank 8 as 
needed. 

A second part of the surge tank 24 slurry, e.g., 
from SO wt. % to 1 00 wt. %, is passed via line 27 
to a second filtering means 28, e.g., a belt filter, 

w where it is washed firstly with water from line 29, 
and secondly with dilute solution of an ammonium 
salt e.g. ammonium nitrate from line 30, sufficient 
to effect ion-exchange of the ZSM-5. The washed 
material from the second filtering means 28 is 

75 passed via line 31 to a dryer 32, which is conve- 
niently operated at a temperature of 10Q°C to 
180°C. A dried ammonium exchanged ZSM-5 
product is recovered from dryer 32 via line 33. The 
resuftant ZSM-5 produce can be converted from 

20 the ammonium form to the catalytically active hy- 
drogen form by calcining, conveniently at 200- 
6Q0°C. 

In an alternative embodiment (not shown), no 
organic directing agent is added to the crystallizer 
25 14 and the circuit 22, 16, 15, 17, 18, 19, 20, 21a 
and 21b is omitted from the process scheme 
shown in the drawing. 

' EXAMPLE 1 

30 . 

A silica precipitate precursor for zeolite synthe- 
sis was produced using the formulations given in 
Table 1. 



35 

TABLE 1 
(Volume Basis) 



Silicate Solution 

Sodium Silicate ioo parts 

(Q-Brand 29% wt. Si0 2 , 9% wt. Na 2 0) 
50% wt. NaOH lmQ3 parts 

H2O (Demineralized) 98.9 parts 



Acid Solution 

24% wt. H 2 S0 4 



67 parts 
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The two solutions were reactedd- continuously 
at 30 min. residence time in a plastic vessel 
equipped with an overflow and mixer. The vessel 
was filled with water. The silicate solution and the 
acid solution were pumped into the vessel in a 
continuous manner. 



The pH was controlled at about 8. The average 
residence time of the product was 30 minutes, and 
the product was discharged continuously from the 
vessel by an overflow tube. 
5 The product was collected, filtered and washed 

with mineral water to be sulfate free and had the 
composition shown in Table 2. 



Sulfur 0.005 % 

Silica 91.3 % 

Alumina less than 0,1 % 

Sodium 1.5 % 

Ash at 540°C 95.53 % 



The resulting product was a suspension of ag- ' 
glomerated solids in the shape of microspheres. 
Because of the size and shape of the particles and 
because primary agglomeration had already taken 
place, the suspension exhibited low viscosities at 
high solids loadings (£30%). This was in marked 
contrast to an equivalent, non-controlled neutraliza- 
tion which resulted in solid; non-stirrable mass. The 
average particle size of the precursor was 70u. 



Example 2 

Using the silica precursor produced in Example 
1 , ZSM-5 was produced in the absence of organic 
or seeds using the formulations of Runs A, B and C 
In Table 3. 
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TABLE 3 

Crystallization of ZBM-5 Using Silica Precursor and No Organic's 
Suns A B r. 



Formulation 

Silica Precursor 

(44.48% solids), g 
Demineralized H 2 0, g 

A1 2 (S0 4 )3 14H 2 0, S 
DM H 2 0, g 
50% NaOHj g 

Conditions 

Tamp., °C 

Agitation Rate, rpm 
Solids Content, % wt 
OH _ /Si0 2 
Si0 2 /Al 2 03 

Crystallization Time, Hrs 

Crystal Size Equivalence 
(By Catalytic Test) 



8610 
4382 



1260 


1550 


1550 


2000 


3000 


3000 


1063 


1800 


1920 


160 


160 


175 


250 


250 


250 


24 


30 


30 


0.16 


0.24 


0.26 


30 


30 


. 30 


32 


19 


9 



(1-5*) (0.01-0. 05jj& CO.1-0.5jj3 



The zeolite products produced had different 
crystal sizes as characterized by a catalytic 
screening test utilizing .the conversion of EB/m- 
xylene. ' 

The solids loading used in the formulations for 
runs B and C (Table 3) was higher than conven- 
tional synthesis. It is normally difficult to increase 
solids because of the high viscosity of the reaction 
mixture. 



No seeding was used in the above runs, but 
crystallization would probably have proceeded 
faster with seed material. Seeding with ZSM-5'and 
zeolite beta have been demonstrated previously to 
affect crystallization time and crystal size. 

Additional ZSM-5 production runs using the 
silica precursor, in the absence of organic directing 
agent are described in Tables 4 and 5: 
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TABLE 4 

SILICA PR ECURSOR NOW-ORGANIC ZSH-5 SYNTHESIS 
Synthesis Mixture D £ p 

Seeding, wt% solid 
Si0 2 /Al 2 0 3 Molar 
0H _ /Si0 2 Molar 
H 2 O/Si0 2 Molar 
OH-/H 2 0 
% solids, wt% 

Reaction Conditions 

Temp, °C 
RPM 
Hrs 

Product Characterization 
Zeolite 



Si0 2 /Al 2 O 3 
NaOH in H 2 0 wt% 



0 

29.4 

.108 

5.05 

0.0215 

36.4 



0 

32.1 

.081 

4.99 

0.0162 

37.0 



120 
250 
145 



175 
250 
12 



ZSM-5 ZSM-5 



31.9 

.124 

7.45 

0.0166 

29.2 



175 
120 
5 



31.9 

.124 

7.45 

0.0166 

29.2 



160 
120 
12 
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TABLE 4 (continued) 
SILICA PRECURSOR NON-ORGANIC ZSM-5 SYNTHESIS 



Synthesis Mixture 

Seeding, wt% solid 

Si0 2 /Al 2 0 3 Molar 

0H-/Si0 2 Molar 

H90/Si0 2 Molar 

0H"/H 2 0 

% solids, wt% 

Reaction Conditions 

Temp. °C 

RPM 

Hrs 

Product Characterization 
Zeolite 



Si0 2 /Al 2 03 
: in H 2 0 wt% 



0 

27.0 

0.017 

7.41 

0.0023 

29.7 



0 

29.4 

0.018 

7.74 

0.014 

28.5 



175 175 
120 120 
35 12 



0 

25.9 

0.123 

9.22 

0.0133 

25.0 



175 
250 
10 



28.0 

0.092 

6.07 

0.0151 

33.0 



175 
250 



Amorphous ZSM-5 Mordenite Mordenite 
ZSM-5 ZSM-5 



SILICA PRECURSOR NON-ORGANIC ZSM-5 SYNTHESIS 
Synthesis Mixture 



Seeding wt% solids 
Si0 2 /Al 2 0 3 Molar 
0H~/Si0 2 Molar 
H 2 0/Si0 2 Molar 
OH~/H 2 0 Molar 
% solids, wt% 

Reaction Conditions 

Temp, "C 
RPM 



Product Characterization 
Zeolite 



Si0 2 /Al 2 03 

NaOH in K?0, wt% 



L 


M 


' _N_ 








0 


0 


0 


28.7 


28.9 


30.2 


0.72 


.110 


.106 


5.18 


7.97 


7.56 


.0139 


0.0138 


0.0140 


36.2 


27.9 


29.0 


175 


175 


175 


90 


80 


80 


12 


12 


12 



MoEdenite Z 
ZSM-5 Trace Mord. 



27 
12 



24 
9 



27 
9 
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Example 3 

Example of ZSM-5 Synthesis Using a Silica-Alumina 
Precursor and Non-Organic Route 

Materials Used+: 



1. SiO2-Al 2 03* 3 precursor (027.17% solids) 14,096 » 

2. D.I, H 2 0** 2,400 g 

3. ZSM-5 seeds (@24.6% solids) 456 g 

4. 50% NaOH** 420 g 

Synthesis Mixture Molar Ratio: 

Si0 2 /Al 2 0 3 58.8 

0H-/Si0 2 0.086 

H 2 0/Si0 2 H.75 

% solids 22.2 

% seeds 1 # 0 



Synthesis conditions: 

Temp. °C 

Agitator, rpm 

Product Characteristics 

S102/A1203, molar ratio 
Crystal size,jjt- 

*Si0 2 /Al 2 O 3 molar ratio 58.8 
+In the order of addition 
**The caustic concentration of the combined streams of 2 + 4 
is 7.5% 5% 



105 °F for 93 hrs. , 
plus 140°F for 23 hrs 
250 



43' 

.0.4-0.5 



EXAMPLES 3 & 4 

In these Examples, the effect of adding a small 
amount of an organic directing agent to shorten the 
zeolite crystallization time is shown. The results are 
shown in Table 6. 
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Example 
Formulation 



Silica Precursor 
(44.48% solids), g 

A1 2 (S04) 3 . 14 H 2 0, g 
h 2°j S (Demineralized) 
50% NaOH, g 
NPA, g 



966 
4,526 
1,330 



13,220 

966 
4,526 
1,025 

240 



Temp., °C 

Agitation Rate, rpm 
Solids Content, % wt 
0H~/SiO 2 , mole ratio 
NPA/ Si0 2 , mole ratio 
Si02/Al 2 03 
H 2 0/Si0 2 

Crystallization Time, Hrs 



120 to 140 
120 
30 
0.14 

60 



72 at 120 °C 
15 at 140 °C 



120 
120 
30 
0.10 
0.04 
60 
7.5 

43 



1 . A method for making a zeolite comprising 

a) providing a solution of a silicate: 

b) providing a precipitating reagent which is ef- 
fective to precipitate said silicate as silica from 
said solution; 

c) continuously contacting said solution with sad 
precipitating reagent to effect continuous change 
of concentration of said silicate and to form an 
insoluble silica precipitat, having a particle size 
of 1-500 micron; 

and 

d) introducing said silica precipitate into a reac- 



tion mixture, which is maintained under con- 
ditions effective to convert said silica into the 
required zeolite and which contains up to 40% 
silica solids loading and 0 to 10 weight percent 
seed of the required zeolite. 

2. The method of Cliam 1 wherein a source of 
alumina is present in said crystallization reaction 
mixture. 

3. The process of Claim 1 or Claim 2 wherein 
said precipitate is at least substantially free of 
aluminum or a source thereof. 

4. The process of any preceding Claim wherein 
the zeolite produced is ZSM-5. 

5. The method of Claim 4 wherein no organic • 
directing agent Is added to the crystallization 
reaction mixture and the mixture has the follow- 
ing molar composition: 
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S10 2 /A1 2 0 3 
H 2 0/Si0 2 
0H"/Si0 2 
M 2/n O/Si0 2 

wherein M is an alkali or alkaline earth metal of 
valence n. 

6) The method of claim 4 wherein said conditions 
employed in (d) include a temperature of 140- 
200 °C for 2 hours to 150 days. 



greater than 20 to 100 
1 to 200 
0.02 to 0.4 
0.02 to 0.5 



7) The method of Claim 4 wherein up to 1 0 mole 
% of an organic directing agent R is present in the 
crystallization reaction mixture. 

8) The method of Claim 7 wherein the crystalliza- 
tion reaction mixture has the following molar com- 
position: 



OH /SiO, 
R/SiO, 



2/n 



2 

0/Si0 o 



at least 20 
0.5 to 200 
up to 0.4 
0.1 to 0.4 
0.02 to 0.5 



wherein M is i 
valence n. 



alkali or alkaline earth metal of 



9) The method of Claim 7 or Claim 8 wherein the 
organic directing agent R is n-propyiamine. 



10) The method of any one of Claims 7 to £ 
wherein said conditions employed in (d) include a 
temperature of 85-200 °C for 2 hours to 150 days. 
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